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Osteoporosis in Men
Peter R. Ebeling, M.D.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 65-year-old asymptomatic man is concerned about his risk of osteoporosis. His
mother died after a hip fracture at 74 years of age. The patient has no history of fractures but has lost 7.6 cm (3 in.) in height; he does not smoke and has never taken corticosteroids. He drinks two glasses of beer (16 oz, or about 0.5 liter, each) per day. His
body-mass index (the weight in kilograms divided by the square of the height in meters) is 25. Measurements of bone mineral density with the use of dual-energy x-ray
absorptiometry show T scores of −2.6 at the spine and −2.2 at the femoral neck, findings that are consistent with osteoporosis. What should you recommend?
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Osteoporosis continues to be an under-recognized problem in men, and it goes untreated in the majority of men with fractures. One third of all hip fractures worldwide occur in men,1 and more men than women die in the year after a hip fracture,
with a mortality rate in men of up to 37.5%.2 Up to 40% of hip fractures in men
occur among those in residential care facilities, and 20% of men who sustain a hip
fracture have a second hip fracture. Although the very elderly are at highest risk,
almost half of hip fractures in men occur before the age of 80 years.3
Vertebral fractures are also common among elderly men; however, incidence rates
among men, unlike those among women, decline at older ages (many earlier fractures may be due to trauma),4-6 and rates among men over the age of 65 years are
only half those among women. The majority of vertebral fractures (70 to 85%) are
painless but are associated with height loss, reduced quality of life, respiratory dysfunction,7 increased risk of death, and subsequent hip and other fractures. The observation that the majority of fractures occur in men whose bone mineral density
measurements are not in the osteoporotic range underscores the importance of
factors other than bone mineral density in determining the risk of fracture.8
Secondary Causes of Bone Loss in Men

Osteoporosis in men often has secondary causes (Table 1). The most frequent secondary causes are corticosteroid use, excessive alcohol use, and hypogonadism (Table 1).9
In a study of elderly male nursing-home residents with hip fractures, up to 66% had
hypogonadism,10 whereas in a study of men with spinal fractures, hypogonadism was
present in 20% of the men and in most cases was asymptomatic.
Other secondary causes combined account for only about 15% of cases.9 Among
these secondary causes, vitamin D deficiency should be considered routinely; serum
levels of 25-hydroxyvitamin D below 25 ng per milliliter (62.5 mmol per liter) are
associated with an increased risk of hip fracture in men and women older than 65
years.11 Estrogen levels are also important for the male skeleton; testosterone exerts indirect effects on bone through its aromatization to estrogen.9 In rare cases,
mutations of the estrogen receptor or the aromatase enzyme have been associated
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Table 1. Secondary Causes of Osteoporosis in Men.*
Common

Less Common

Cushing’s syndrome or corticosteroid therapy
(e.g., >5 mg/day for >3 months)
Excessive alcohol use†
Primary or secondary hypogonadism (e.g., associated with medications, such as corticosteroids, opioids, and androgen-deprivation therapy for prostate cancer)
Low calcium intake and vitamin D deficiency or
insufficiency (serum 25-hydroxyvitamin D
<30 ng/ml [75 nmol/liter])
Smoking
Family history of minimal-trauma fracture

Low BMI (<20) and eating disorders associated with decreased BMI
Lack of exercise or excessive exercise
Antiepileptic drugs (phenytoin, phenobarbitone, primidone, carbamazepine)
Thyrotoxicosis or thyroxine overreplacement
Primary hyperparathyroidism
Chronic liver or kidney disease
Malabsorption, including celiac disease
Hypercalciuria
Rheumatoid arthritis or ankylosing spondylitis
Type 1 or type 2 diabetes mellitus
Multiple myeloma or other monoclonal gammopathies
HIV or its treatment with protease inhibitors
Mastocytosis
Organ transplantation or immunosuppressive agents (cyclosporine
and tacrolimus)
Osteogenesis imperfecta

* BMI denotes body-mass index, defined as the weight in kilograms divided by the square of the height in meters, and
HIV human immunodeficiency virus.
† Excessive use is defined as 18 oz (533 ml) or more of full-strength beer, 7 oz (207 ml) or more of wine, or 2 oz (59 ml)
or more of spirits per day.

with severe osteoporosis in men.12,13 In up to
40% of cases in men, no secondary cause is
identified, and the osteoporosis is considered to
be primary or idiopathic.
Natural History of Bone Loss in Men

Longitudinal studies suggest that in men bone loss
accelerates after the age of 70 years14; rapid bone
loss is more common with deficient testosterone
or estradiol levels.15 In contrast to bone loss in
women, who lose trabeculae with age, in men bone
loss due to trabecular thinning is secondary to
reduced bone formation.16 The preservation of trabecular numbers in men may help explain their
lower lifetime risk of fractures (Fig. 1). In men,
trabecular bone loss starts early in life, in association with changes in the insulin-like growth factor 1 (IGF-1) regulating system, whereas cortical
bone loss occurs later (85% occurs after 50 years
of age), in association with decreases in bioavailable testosterone and estrogen and increased bone
remodeling.17

S t r ategie s a nd E v idence
Diagnosis

Bone mineral density, measured by dual-energy
x-ray absorptiometry, is a robust predictor of fractures. Each decrease of 1 SD in hip bone mineral
density is associated with an increased relative
n engl j med 358;14

risk of hip fracture of 2.6. Although the relationship between bone mineral density and fracture
is a continuous one, a World Health Organization
(WHO) working group has assigned thresholds for
the diagnosis of osteoporosis and osteopenia in
postmenopausal women, using total-hip bone mineral density (Table 2). These thresholds are now
applied to other anatomical sites and to men.
Recent epidemiologic data suggest that for
any given absolute bone mineral density value at
the spine or hip, the risk of fracture is similar
among men and women of the same age.18-20 Nevertheless, the average bone mineral density in men
who fracture a hip is higher than in women, suggesting that other factors (bone microarchitecture
or trauma) may contribute to the risk of fracture
more in men than in women. For diagnostic purposes, this discrepancy is addressed by use of a
sex-specific T score, but this practice remains controversial. Using male-specific cutoffs for hip bone
mineral density, the National Health and Nutrition Examination Survey III study showed that 6%
of U.S. men who were 50 years of age or older had
osteoporosis and 47% had osteopenia,21 as compared with corresponding prevalences in women
of 18% and 50%, respectively. If female reference
ranges were used in men, the prevalences of osteoporosis and osteopenia would be reduced by
two thirds.
Bone densitometry is recommended in men 70
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Figure 1. The Effects of Aging on Trabecular Bone
Structure.
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years of age or older — or earlier in men with
major risk factors for osteoporosis (Table 3 and
Fig. 2). Measurements of bone mineral density
at the femoral neck are preferable to spinal measurements. Patients should be assessed routinely
for risk factors for osteoporosis (Table 3) and for
clinical signs of secondary causes (Table 1).
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Further testing is strongly indicated to rule out
secondary causes when the z score is below −2.0
(2 SD below the age-specific mean) on bone densitometry. Routine tests include measurements of
serum calcium and creatinine levels, liver-function tests, measurement of the thyrotropin level,
and a complete blood count. If clinically indicated,
serum protein electrophoresis and tests for urinary
Bence Jones protein (to check for monoclonal gammopathy), anti–tissue transglutaminase antibodies
(to check for celiac sprue), 24-hour urinary cortisol or calcium, and human immunodeficiency virus antibodies should be performed.
Since hypogonadism is often difficult to detect
on the basis of the patient’s history and the physical examination alone, measurement of the total
testosterone level is recommended in all men with
osteoporosis. Sex hormone−binding globulin levels may provide additional information in some
cases (e.g., in men with insulin resistance or obesity, in whom low levels of sex hormone−binding
globulin may complicate interpretation of total
testosterone levels).
Serum levels of 25-hydroxyvitamin D should
also be measured. Levels below 30 ng per milliliter (75 nmol per liter) should be treated.
There are limited data relating markers of bone
turnover to the risk of fracture among men.24
These markers show high biologic variability, and
their measurement has not been shown to improve
outcomes in men with osteoporosis, so their routine use in practice cannot currently be recommended. However, they may be useful for men in
whom no apparent cause of osteoporosis can be
detected on other tests and for men with very low
bone mineral density to detect low levels of bone
formation.
Vertebral-Fracture Assessment

A history of a minimal trauma fracture after the
age of 50 years is the strongest clinical risk factor
for fracture.25 Recognition of fractures is important for risk stratification, particularly in men with
osteopenia. Among minimal trauma fractures, vertebral fractures are most common and are often
clinically silent. Spinal radiography is useful for
diagnosis, but it is costly and involves a relatively
high dose of radiation.26 Assessment of vertebral
fracture is now possible with dual-energy x-ray ab-
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Table 2. WHO Diagnostic Categories of Bone Mineral Density.*
Diagnostic Category

Criterion

Normal bone mass

A value for bone mineral density or bone mineral content within 1.0 SD of the reference mean for young adults (T score −1.0 or higher)

Low bone mass (osteopenia)

A value for bone mineral density or bone mineral content that is more than 1.0 but
less than 2.5 SD below the mean for young adults (T score between −1.0 and −2.5)

Osteoporosis

A value for bone mineral density or bone mineral content that is 2.5 SD or more below
the mean for young adults (T score −2.5 or lower)

Severe osteoporosis (established osteoporosis)

A value for bone mineral density or bone mineral content that is 2.5 SD or more below
the mean for young adults in combination with one or more fragility (low-trauma)
fractures

* This information is from the World Health Organization (WHO) and was originally developed for white postmenopausal women but is now also applied to men.

sorptiometry. Images of the lateral spine can be
obtained with the use of newer machines and special software,27 with high sensitivity and specificity for moderate fractures (height loss, 30 to 40%)
and severe fractures (height loss, more than 40%),
but spinal radiographs remain the gold standard.28
The finding of mild vertebral deformities with the
use of dual-energy x-ray absorptiometry is less specific and should be differentiated from nonosteoporotic short vertebral height (height loss, 15%
or less, without central endplate compression),
a common finding on spinal radiographs.29
Management

Decisions regarding treatment should be based on
the absolute risk of fracture. The bone mineral
density measurement is a key factor in decision
making. A WHO working group has identified the
clinical risk factors that can be used to predict the
risk of fracture independently of bone mineral density in both sexes (Table 3)22,30; use of these factors along with bone mineral density is considered
to improve fracture prediction as compared with
the use of bone mineral density alone. Countryand ethnic group–specific risk-assessment tools
incorporating clinical risk factors with age and
bone mineral density measurements are now available to calculate the risk of fracture in men 50
years of age or older (FRAX is the new fracture
risk assessment tool from the WHO). These tools
are the best adjunct to measurement of bone mineral density in calculating the risk of hip fracture
in men.31 Biomarkers such as low testosterone
levels23 and low levels of 25-hydroxyvitamin D
are also useful in predicting an increased risk of
fracture.

n engl j med 358;14

Nonpharmacologic Therapy

General preventive and lifestyle measures apply to
all men (Table 4). In healthy older men, high-intensity, progressive resistance training, weight-bearing exercise, or both32 increase bone mineral density as compared with that in controls. Although
there is a lack of data from clinical trials showing
that these changes in bone mineral density translate into a reduced risk of fracture, observational
data suggest a lower risk among older men who
maintain an active lifestyle.33 Meta-analyses of trials show that balance and strengthening exercises reduce the risk of falls among older adults.34
Fall-prevention strategies,35 although beyond the
scope of this review, should be implemented. Hip
protectors have been suggested as a means of reducing the risk of hip fracture among the elderly,
but a recent trial involving elderly male and female nursing-home residents showed no significant benefit.36
Calcium and vitamin D supplements are often
recommended to maintain bone mineral density.
Although there are conflicting data on the benefits of supplementation, a recent systematic review
of nearly 64,000 participants in randomized trials showed that ingestion of calcium (1200 mg or
more daily) or calcium with vitamin D (800 IU
or more daily) reduced osteoporotic fractures by
12% in both men and women 50 years of age or
older.37 Fracture reduction appeared to be greater
among participants who had at least an 80% rate
of compliance with calcium and vitamin D recommendations (24% risk reduction, vs. 12% among
participants with a lower compliance rate) and
among those with a daily intake of at least 1200 mg
of calcium and at least 800 IU of vitamin D. In a
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Table 3. Risk Ratio for Hip Fracture According to Risk Factors Adjusted
for Age and for Bone Mineral Density in Men and Women.*
Adjusted Risk Ratio
with Adjustment for Bone
Mineral Density (95% CI)

Risk Factor
Low or high BMI
20 vs. 25

1.42 (1.23–1.65)

30 vs. 25

1.00 (0.82–1.21)

Prior fracture at >50 years of age

1.62 (1.30–2.01)

Parental history of hip fracture

2.28 (1.48–3.51)

Current smoking

1.60 (1.27–2.02)

Use of systemic corticosteroids for >3 months

2.25 (1.60–3.15)

Excessive alcohol use†

1.70 (1.20–2.42)

Rheumatoid arthritis

1.73 (0.94–3.20)

Low testosterone‡
Hip fracture

1.88 (1.24–2.82)

Other nonvertebral fracture

1.32 (1.03–1.68)

* Adapted from Kanis et al.22 BMI denotes body-mass index, and CI confidence
interval.
† Excessive use is defined as more than 2 units, or 18 g per day, equivalent to
18 oz (533 ml) or more of full-strength beer, 7 oz (207 ml) or more of wine,
or 2 oz (59 ml) or more of spirits per day.
‡ Data on low testosterone are from Meier et al.23

trial comparing calcitriol (0.50 μg daily) with
calcium supplementation (1 g daily) in men with
osteoporosis, changes in bone mineral density
were similar in the two groups over a period of
2 years.38 Recommendations support supplementation with cholecalciferol at doses of 800 to
2000 IU daily,39 with the goal of maintaining serum levels of 25-hydroxyvitamin D at 30 ng per
milliliter or more. The recommended daily intake
of calcium for men with osteoporosis is 1200 to
1500 mg.
Pharmacologic Therapy

Pharmacologic therapy is indicated in men with
T scores below −2.5 or with less marked bone loss
and a vertebral fracture. Most experts would also
recommend treatment for men with osteopenia
and a nonvertebral fracture after minimal trauma
(Fig. 2).
Bisphosphonates

A randomized, double-blind trial involving 241 hypogonadal or eugonadal men with osteoporosis
showed that treatment with 10 mg of alendronate
per day for 2 years increased bone mineral density
in the spine and femoral neck40 and significantly
reduced the incidence of radiologic, but not clin1478
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ical, vertebral fractures at 2 years (0.8%, vs. 7.1%
in the placebo group). The trial was not powered
to assess reductions in other fractures.
In an open-label study, men with osteoporosis
taking the oral bisphosphonate risedronate at a
dose of 5 mg per day for 1 year had increased bone
mineral density in the spine and proximal femur41
and a reduced risk of radiologic vertebral fractures;
however, a weakness of the study was the lack of
blinding. More data are required to determine the
effects of oral bisphosphonates on nonvertebral
and hip fractures in men with osteoporosis.
In a recent randomized trial, the intravenous
bisphosphonate zoledronic acid, given in one or
two 5-mg doses over the course of 23 months,
reduced overall rates of clinical fracture and death,
but not the rate of hip fracture, among elderly men
and women with a previous hip fracture.42 Potential adverse effects of zoledronic acid include
fever and myalgia and worsening of renal impairment. The use of both intravenous and oral
bisphosphonates has in rare cases been linked to
osteonecrosis of the jaw, although the limited data
now available indicate few cases in patients receiving doses used for osteoporosis.43
Anabolic Agents

Anabolic agents may correct an underlying defect
in osteoblast function, which has been implicated
as a cause of osteoporosis in men.44 Trials show
that daily subcutaneous administration of 20 μg
of teriparatide (parathyroid hormone [1-34]) increases the bone mineral density of the spine and
proximal femur in hypogonadal or eugonadal men
with osteoporosis.45 In follow-up studies, previous
therapy with teriparatide was associated with a reduction in the risk of moderate or severe vertebral
fractures.46 Data on the effects of teriparatide on
nonvertebral fractures in men are lacking. The increase in bone mineral density stimulated by parathyroid hormone therapy in men was blunted when
parathyroid hormone was given with alendronate47
but not when it was given after risedronate.48 After parathyroid hormone therapy is stopped, initiation of bisphosphonate therapy is recommended,
since this strategy results in further gains in bone
mineral density.49 Side effects of teriparatide, which
are mild, include dizziness and leg cramps (in less
than 10% of patients). An increased risk of osteosarcoma was observed with teriparatide in an oncogenicity study in rats, but it has not been shown
in humans. This agent is suitable for men with
severe osteoporosis and in those who cannot tol-
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Any fracture after
minimal trauma

Presence of major risk factors
Age ≥70 yr
Corticosteroid use (>3 mo)
Excessive alcohol use
Hypogonadism
Smoking
Family history
Hypercalciuria
Hyperparathyroidism
Hyperthyroidism
Body-mass index <20
Inflammation (rheumatoid
arthritis or ankylosing
spondylitis)
Malabsorption (celiac disease)
Chronic kidney disease and
liver disease

Possible vertebral fracture
Back pain
Height loss
Kyphosis

Vertebral fracture assessment by dual-energy x-ray
absorptiometry or spinal
radiography to confirm

Bone mineral density test

Bone mineral density test

T score −2.5 or lower

T score between
−1.0 and −2.5

Rule out or treat secondary causes

Ensure adequate calcium intake (≥1200 mg/day) and replete vitamin D status (serum level, ≥30 ng/ml)
Encourage weight-bearing physical activity and implement fall-prevention strategies

Repeat bone mineral
density test in 2 yr

Initiate specific anti-osteoporosis therapy
Bisphosphonates
Teriparatide
Testosterone therapy in presence of hypogonadal symptoms

Figure 2. Plan for Treatment of Men with Osteoporosis.
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mary end point. The effects of testosterone on cor- with improvements in trabecular connectivity.52
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The effects of testosterone in eugonadal men
it is used in hypogonadal adolescents.50 In a 3-year are more controversial. In one study, transdermal
study of hypogonadal men over 65 years of age, testosterone did not increase bone mineral density
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or older with no previous fracture. This strategy
may also be cost-effective for men as young as
70 years without a previous clinical fracture, if the
cost of oral bisphosphonate therapy is below $500
per year,56 as it is in some countries.

Table 4. General Preventive and Lifestyle Measures.*
Weight-bearing exercise, including resistance training to improve muscle
mass, strength, and balance, performed at least 3 times per week
Adequate calcium intake (1200–1500 mg per day) through diet, supplements, or both
Adequate vitamin D intake (800–2000 IU of vitamin D per day, especially
for men >65 years of age; target serum level of 25-hydroxyvitamin D,
≥30 ng/ml [75 nmol/liter])
Smoking cessation
Avoidance of excessive alcohol use†
Use of fall-prevention programs, including home-based interventions, visual
assessment, balance exercises, and tai chi

Guidel ine s

* Appropriate intake of calcium and vitamin D should be encouraged from
childhood.
† Excessive use is defined as 18 oz (533 ml) or more of full-strength beer, 7 oz
(207 ml) or more of wine, or 2 oz (59 ml) or more of spirits per day.

in eugonadal elderly men over 65 years of age, as
compared with placebo,53 whereas intramuscular
testosterone improved spinal bone mineral density in men with osteoporosis in observational
studies.54,55 Differences in response may be related
to pretreatment testosterone levels. In a prespecified analysis in the first study,53 men with a testosterone level below 200 ng per deciliter had significant increases in spinal bone mineral density
with treatment. The risks of testosterone therapy,
which include polycythemia, sleep apnea, benign
prostate enlargement, and possibly prostate cancer, argue against its use in eugonadal men with
osteoporosis until additional data are available to
support this strategy.

The International Society for Clinical Densitometry recommends bone mineral density screening in
men 70 years of age or older and recommends earlier screening if there is a fragility fracture or other
known condition conferring a predisposition to osteoporosis.57 Canadian clinical practice guidelines
from 2002 recommend screening in men 65 years
of age or older (though cost-effectiveness data are
lacking).58 These guidelines recommend bisphosphonates as first-line treatment for men in this
age group whose bone mineral density is in the
osteoporotic range, for men over the age of 50 years
who have had fractures and have a T score below
−1.5, and for men of any age who have osteopenia and have taken corticosteroids for 3 or more
months or who have hypogonadism. Recent National Osteoporosis Foundation guidelines59 recommend pharmacologic therapy in men 50 years
of age or older with hip or vertebral fractures; in
men with a T score below −2.5; and in men with
a T score between −1.0 and −2.5 with either a 10year hip fracture probability of 3% or more or a
total minimal trauma fracture probability of 20%
or more.

A r e a s of Uncer ta in t y
The optimal interval at which to obtain follow-up
bone mineral density measurements is controversial. An interval of 2 years seems reasonable in
men whose care is managed with or without pharmacotherapy. The efficacy and safety of testosterone treatment for osteoporosis require further
assessment. Reduction of nonvertebral and hip
fractures with the use of oral bisphosphonates in
men has yet to be demonstrated.
Data are limited on the cost-effectiveness of
screening for and treating osteoporosis in men.
In one analysis, the threshold probability for costeffective treatment was a 10-year risk of hip fracture that ranged from 2% at the age of 50 years
to 6.5% at the age of 80 years.22 Bone densitometry followed by bisphosphonate therapy may be
cost-effective for U.S. men with osteoporosis who
are 65 years of age or older and have had a previous clinical fracture and for those 80 years of age
1480
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C onclusions a nd
R ec om mendat ions
Osteoporosis in men continues to be underdiagnosed and undertreated. In men 70 years of age or
older and in younger men with clinical risk factors
for osteoporosis, such as the man in the vignette,
bone density should be measured by dual-energy
x-ray absorptiometry. I would also measure levels
of serum total testosterone and 25-hydroxyvitamin D. A calcium intake of at least 1200 mg per
day and vitamin D supplementation of at least
800 IU per day should be recommended, as should
regular weight-bearing exercise. A T score of −2.5
or less indicates bone loss; evidence of vertebral
fracture would be an indication for pharmacologic therapy. An oral bisphosphonate, currently considered first-line treatment for osteoporosis in men,
should be recommended, with patient education
regarding potential side effects.

www.nejm.org

april 3, 2008

Downloaded from www.nejm.org at Sanofi-Aventis on January 7, 2010 .
Copyright © 2008 Massachusetts Medical Society. All rights reserved.

clinical pr actice
Supported by grants from the University of Melbourne and
the National Health and Medical Research Council of Australia.
Dr. Ebeling reports receiving consulting fees from Merck,
Amgen, and GlaxoSmithKline, lecture fees from Merck and Eli
Lilly, and research funding from Novartis, Amgen, and Glaxo

SmithKline. No other potential conflict of interest relevant to
this article was reported.
I thank Drs. Anjali Haikerwal and Robin Daly for their technical assistance in the preparation of the manuscript.

References
1. Gullberg B, Johnell O, Kanis JA.

World-wide projections for hip fracture.
Osteoporos Int 1997;7:407-13.
2. Jiang HX, Majumdar SR, Dick DA, et
al. Development and initial validation of a
risk score for predicting in-hospital and
1-year mortality in patients with hip fractures. J Bone Miner Res 2005;20:494-500.
3. Chang KP, Center JR, Nguyen TV, Eisman JA. Incidence of hip and other osteoporotic fractures in elderly men and women: Dubbo Osteoporosis Epidemiology
Study. J Bone Miner Res 2004;19:532-6.
4. Jones G, White C, Nguyen T, Sambrook PN, Kelly PJ, Eisman JA. Prevalent
vertebral deformities: relationship to bone
mineral density and spinal osteophytosis
in elderly men and women. Osteoporos
Int 1996;6:233-9.
5. O’Neill TW, Felsenberg D, Varlow J,
Cooper C, Kanis JA, Silman AJ. The prevalence of vertebral deformity in European
men and women: the European Vertebral
Osteoporosis Study. J Bone Miner Res
1996;11:1010-8.
6. Cooper C, Atkinson EJ, O’Fallon WM,
Melton LJ III. Incidence of clinically diagnosed vertebral fractures: a populationbased study in Rochester, Minnesota,
1985-1989. J Bone Miner Res 1992;7:221-7.
7. Khosla S, Lufkin EG, Hodgson SF,
Fitzpatrick LA, Melton LJ III. Epidemiology and clinical features of osteoporosis in
young individuals. Bone 1994;15:551-5.
8. Seeman E, Bianchi G, Khosla S, Kanis
JA, Orwoll E. Bone fragility in men —
where are we? Osteoporos Int 2006;17:
1577-83.
9. Ebeling PR. Osteoporosis in men:
new insights into aetiology, pathogenesis,
prevention and management. Drugs Aging
1998;13:421-34.
10. Abbasi AA, Rudman D, Wilson CR, et
al. Observations on nursing home patients with a history of hip fracture. Am J
Med Sci 1995;310:229-34.
11. Looker AC, Mussolino ME. Serum 25hydroxyvitamin D and hip fracture risk in
older U.S. white adults. J Bone Miner Res
2008;23:143-50.
12. Smith EP, Boyd J, Frank GR, et al. Estrogen resistance caused by a mutation in
the estrogen-receptor gene in a man.
N Engl J Med 1994;331:1056-61. [Erratum,
N Engl J Med 1995;332:131.]
13. Morishima A, Grumbach MM, Simpson ER, Fisher C, Qin K. Aromatase deficiency in male and female siblings caused
by a novel mutation and the physiological
role of estrogens. J Clin Endocrinol Metab
1995;80:3689-98.
14. Szulc P, Delmans PD. Biochemical

markers of bone turnover in men. Calcif
Tissue Int 2001;69:229-34.
15. Fink HA, Ewing SK, Ensrud KE, et al.
Association of testosterone and estradiol
deficiency with osteoporosis and rapid
bone loss in older men. J Clin Endocrinol
Metab 2006;91:3908-15.
16. Khosla S, Riggs BL, Atkinson EJ, et al.
Effects of sex and age on bone microstructure at the ultradistal radius: a population-based noninvasive in vivo assessment. J Bone Miner Res 2006;21:124-31.
17. Riggs BL, Melton LJ, Robb RA, et al.
A population-based assessment of rates of
bone loss at multiple skeletal sites: evidence for substantial trabecular bone loss
in young adult women and men. J Bone
Miner Res 2008;23:205-14.
18. The European Prospective Osteoporosis Study (EPOS) Group. The relationship
between bone density and incident vertebral fracture in men and women. J Bone
Miner Res 2002;17:2214-21.
19. de Laet CE, van der Klift M, Hofman A,
Pols HA. Osteoporosis in men and women:
a story about bone mineral density thresholds and hip fracture risk. J Bone Miner
Res 2002;17:2231-6.
20. Johnell O, Kanis J, Gullberg G. Mortality, morbidity, and assessment of fracture risk in male osteoporosis. Calcif Tissue Int 2001;69:182-4.
21. Kanis JA, Johnell O, Oden A, De Laet
C, Mellstrom D. Diagnosis of osteoporosis and fracture threshold in men. Calcif
Tissue Int 2001;69:218-21.
22. Kanis JA, Borgstrom F, De Laet C, et
al. Assessment of fracture risk. Osteoporos Int 2005;16:581-9.
23. Meier C, Nguyen TV, Handelsman DJ,
et al. Endogenous sex hormones and incident fracture risk in older men: the Dubbo
Osteoporosis Epidemiology Study. Arch
Intern Med 2008;168:47-54.
24. Meier C, Nguyen TV, Center JR, Seibel
MJ, Eisman JA. Bone resorption and osteoporotic fractures in elderly men: the
Dubbo Osteoporosis Epidemiology Study.
J Bone Miner Res 2005;20:579-87.
25. Sambrook PN, Seeman E, Phillips SR,
Ebeling PR. Preventing osteoporosis: outcomes of the Australian Fracture Prevention Summit. Med J Aust 2002;176:Suppl:
S1-S16.
26. Kaptoge S, Armbrecht G, Felsenberg
D, et al. Whom to treat? The contribution
of vertebral X-rays to risk-based algorithms
for fracture prediction: results from the
European Prospective Osteoporosis Study.
Osteoporos Int 2006;17:1369-81.
27. Lewiecki EM, Laster AJ. Clinical applications of vertebral fracture assessment by

n engl j med 358;14

www.nejm.org

dual-energy x-ray absorptiometry. J Clin
Endocrinol Metab 2006;91:4215-22.
28. Ferrar L, Eastell R. Identification of
vertebral deformities in men: comparison
of morphometric radiography and morphometric X-ray absorptiometry. Osteoporos Int 1999;10:167-74.
29. Ferrar L, Jiang G, Cawthon PM, et al.
Identification of vertebral fracture and
non-osteoporotic short vertebral height in
men: the MrOS study. J Bone Miner Res
2007;22:1434-41.
30. Kanis JA, Black D, Cooper C, et al.
A new approach to the development of assessment guidelines for osteoporosis. Osteoporos Int 2002;13:527-36.
31. Kanis JA, Oden A, Johnell O, et al. The
use of clinical risk factors enhances the
performance of BMD in the prediction of
hip and osteoporotic fractures in men and
women. Osteoporos Int 2007;18:1033-46.
32. Kukuljan S, Daly RM, Bass SL, et al.
Does calcium-vitamin D3 fortified milk
enhance the effects of exercise on BMD in
older men: an 18 month randomised controlled trial. J Bone Miner Res 2006;21:
Suppl 1:S184. abstract.
33. Michaëlsson K, Olofsson H, Jensevik
K, et al. Leisure physical activity and the
risk of fracture in men. PLoS Med 2007;
4(6):e199.
34. Chang JT, Morton SC, Rubenstein LZ,
et al. Interventions for the prevention of
falls in older adults: systematic review and
meta-analysis of randomised clinical trials.
BMJ 2004;328:680.
35. Tinetti ME. Preventing falls in elderly
persons. N Engl J Med 2003;348:42-9.
36. Kiel DP, Magaziner J, Zimmerman S,
et al. Efficacy of a hip protector to prevent
hip fracture in nursing home residents:
the HIP PRO randomized controlled trial.
JAMA 2007;298:413-22.
37. Tang BM, Eslick GD, Nowson C,
Smith C, Bensoussan A. Use of calcium or
calcium in combination with vitamin D
supplementation to prevent fractures and
bone loss in people aged 50 years and
older: a meta analysis. Lancet 2007;370:
657-66.
38. Ebeling PR, Wark JD, Yeung S, et al.
Effects of calcitriol or calcium on bone
mineral density, bone turnover, and fractures in men with primary osteoporosis:
a two-year randomized, double blind, double placebo study. J Clin Endocrinol Metab
2001;86:4098-103.
39. Vieth R, Chan PC, MacFarlane GD. Efficacy and safety of vitamin D3 intake exceeding the lowest observed adverse effect level. Am J Clin Nutr 2001;73:288-94.
40. Orwoll E, Ettinger M, Weiss S, et al.

april 3, 2008

Downloaded from www.nejm.org at Sanofi-Aventis on January 7, 2010 .
Copyright © 2008 Massachusetts Medical Society. All rights reserved.

1481

clinical pr actice
Alendronate for the treatment of osteoporosis in men. N Engl J Med 2000;343:60410.
41. Ringe JD, Faber H, Farahmand P,
Dorst A. Efficacy of risedronate in men
with primary and secondary osteoporosis: results of a 1- year study. Rheumatol
Int 2006;26:427-31.
42. Lyles KW, Colón-Emeric CS, Magaziner JS, et al. Zoledronic acid and clinical
fractures and mortality after hip fracture.
N Engl J Med 2007;357:1799-809.
43. Bilezikian JP. Osteonecrosis of the jaw
— do bisphosphonates pose a risk? N Engl
J Med 2006;355:2278-81.
44. Rosen CJ, Bilezikian JP. Anabolic
therapy for osteoporosis. J Clin Endocrinol Metab 2001;86:957-64.
45. Orwoll ES, Scheele WH, Paul S, et al.
The effect of teriparatide [human parathyroid hormone (1-34)] therapy on bone
density in men with osteoporosis. J Bone
Miner Res 2003;18:9-17.
46. Kaufman J-M, Orwoll E, Goemaere S,
et al. Teriparatide effects on vertebral fractures and bone mineral density in men
with osteoporosis: treatment and discontinuation of therapy. Osteoporos Int 2005;
16:510-6.
47. Finkelstein JS, Hayes A, Hunzelman
JL, Wyland JJ, Lee H, Neer RM. The effects
of parathyroid hormone, alendronate, or
both in men with osteoporosis. N Engl J
Med 2003;349:1216-26.

48. Miller P, Lindsay R, Watts N, et al. Pa-

tients previously treated with risedronate
demonstrate greater responsiveness to
teriparatide than those previously treated
with alendronate: the OPTAMISE study.
J Bone Miner Res 2007;22:Suppl 1:S26.
abstract.
49. Kurland ES, Heller SL, Diamond B,
McMahon DJ, Cosman F, Bilezikian JP.
The importance of bisphosphonate therapy in maintaining bone mass in men after
therapy with teriparatide [human parathyroid hormone (1-34)]. Osteoporos Int 2004;
15:992-7.
50. Finklestein JS, Klibanski A, Neer RM,
et al. Increases in bone density during
treatment of men with idiopathic hypogonadotrophic hypogonadism. J Clin Endocrinol Metab 1989;69:776-83.
51. Amory JK, Watts NB, Easley KA, et al.
Exogenous testosterone or testosterone
with finasteride increases bone mineral
density in older men with low serum testosterone. J Clin Endocrinol Metab 2004;
89:503-10.
52. Benito M, Vasilic B, Wehrli FW, et al.
Effects of testosterone replacement on trabecular architecture in hypogonadal men.
J Bone Miner Res 2005;20:1785-91.
53. Snyder PJ, Peachey H, Hannoush P, et
al. Effect of testosterone treatment on
bone mineral density in men over 65 years
of age. J Clin Endocrinol Metab 1999;84:
1966-72.

54. Anderson FH, Francis RM, Faulkner

K. Androgen supplementation in eugonadal men with osteoporosis — effects of
6 months of treatment on bone mineral
density and cardiovascular risk factors.
Bone 1996;18:171-7.
55. Anderson F, Francis RM, Peaston RT,
Wastell HJ. Androgen supplementation in
eugonadal men with osteoporosis: effects
of six months’ treatment on markers of
bone formation and resorption. J Bone
Miner Res 1997;12:472-8.
56. Schousboe JT, Taylor BC, Fink HA, et
al. Cost-effectiveness of bone densitometry followed by treatment of osteoporosis
in older men. JAMA 2007;298:629-37.
57. Leib ES, Lewiecki EM, Binkley N,
Hamdy RS, International Society for Clinical Densitometry. Official positions of
the International Society for Clinical
Densitometry. J Clin Densitom 2004;7:
1-6.
58. Brown JP, Josse RG, Scientific Advisory Council of the Osteoporosis Society
of Canada. 2002 Clinical practice guidelines for the diagnosis and management
of osteoporosis in Canada. CMAJ 2002;
167:Suppl:S1-S34. [Errata, CMAJ 2003;168:
400, 544, 676.]
59. National Osteoporosis Foundation
home page. (Accessed March 12, 2008, at
http://www.nof.org.)
Copyright © 2008 Massachusetts Medical Society.

collections of articles on the journal’s web site

The Journal’s Web site (www.nejm.org) sorts published articles into
more than 50 distinct clinical collections, which can be used as convenient
entry points to clinical content. In each collection, articles are cited in reverse
chronologic order, with the most recent first.

1482

n engl j med 358;14

www.nejm.org

april 3, 2008

Downloaded from www.nejm.org at Sanofi-Aventis on January 7, 2010 .
Copyright © 2008 Massachusetts Medical Society. All rights reserved.

